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TABLE 1 
1. GENERAL 

1.1 This section is intended to provide REA borrowers, consulting 
engineers, suppliers, and other interested parties with in- 
formation for use in determining the application of microwave for 
use in telephony. It discusses the factors affecting the use of 
microwave equipment presently available. The factors affecting the 
choice of using analog or digital radio and FM or PCM multiplex are 
also discussed. 


1.2 This issue of TE&CM 930 is a revision of Issue No. 2 (June 1966 ) 
in that the use of digital radio and PCM multiplex are discussed 
for microwave system considerations. Due to changing equipment costs, 
many equipment costs quoted xn Issue No. 2 have been deleted, and costs 
in this issue are given only for examples. The channel capacities of 
radio equipment have also been updated. 

2. FEDERAL COMMUNICATIONS COMMISSION REQUIREMENTS 

2.1 A construction permit must be obtained from the Federal 

Communications Commission before a radio transmitter is in- 
stalled. After installation of a radio transmitter, it must be licensed 
and operated according to the applicable FCC rules. 
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2.2 Most radio equipment used by telephone companies is licensed 
under Part 21, Domestic Public Radio Services. Part 21 is 
included in Volume VII of the FCC Rules and Regulations and may be 
purchased from uhe Superintendent of Documents, Government Printing 

Was Jington, D.C. 20402. The management of a telephone company 
that is contemplating the installation of a microwave system should 
become familiar with Part 21. J 

2.21 Microwave transmitting equipment must in general be Type Accepted 

a +u • ™f er ? art 2 of ^ he Commission's Rules - (Subpart J, Equipment 

termi^^The^ 0 ^^? in order for the ^er to obtain a construction 
permit. The type acceptance procedure is usually undertaken by the 

equipment manufacturer when the transmitter is first developed. A list 
t F!C aC ^f? ted e l ui P ment is Published from time to time by 
List FmH™ t J e , Chie f Engineer of the FCC, entitled, "Radio Equipment 
List - Equipment Acceptable for Licensing". This catalog is obtainable 
™ * contract reproduction service specified by the Chief Engineer's 
. . * ^ ^ lists manufacturers in alphabetical order ■with the 

technical parameters under which each transmitter has been type -accepted. 

here is provision for developmental licensing of equipment which has 
not yet been type -accepted. 

2.22 Each of the commonly used frequency bands available to telephone 
companies under Part 21 regulations has a minimum traffic 

ioading restriction intended to ensure that the radio spectrum is 
eiiiciently allocated among different users. These traffic loading 
restrictions require the prospective microwave user to demonstrate that 
within a reasonable growth period after installation, his traffic 

in^that^and Wl11 rSaCh the minimum standard appropriate for licensing 

2.3 Hie maintenance of microwave equipment must be performed bv 

trained personnel holding First or Second Class FCC Commercial 
Radio Operator Licenses. Most manufacturers of microwave equipment 
conduct. schools to provide technical training for customer maintenance 
technicians. The test equipment and methods recommended by the microwave 
supplier should be used to make equipment measurements. 

3. CAPABILITIES OF MICROWAVE 

3,1 transmission. is generally defined as the transmission 

• J.-U ° f , OS ? electromagnetic waves whose frequency falls approximatelv 
+ n < 6 f ng l betWeSn d Gigahertz and 50 Gigahertz (wavelengths of 30 cm 
o mm). The propagation through the atmosphere of signals in this 

of 6 S y + railSe . e ^ ibits many of the Properties of light, such as line- 
of -sight transmission, reflection from smooth surfaces, etc. Microwave 
systems have many applications in the telephone industry because high 

t^s y IS C S, t \ Canb \ deri Z ed f ° r intertodl toll coS^tSf 

trunks, EAS trunks, subscriber service and special services. Microwavp 

JLf' lso for transmission of black and white or color television 
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3,2 Another attractive aspect of microwave is the ease with which 

channels can be added or removed after the basic radio frequency 
(KF) and carrier multiplex equipment is installed. Certain types of-RF 
equipment will carry 600 to 1200 or more voice channels without any 
change in the basic RF equipment. The problems associated with cable 
facilities such as physical damage , induction noise, right-of-way 
problems ? circuit expansion limitations and similar problems are 
reduced with the use of microwave, 

3*3 The initial cost of a microwave system depends on the type of 
RF and multiplex equipment used, the number of channels , the 
number of hops in a system, the terrain, and other factors. In some 
cases microwave will require a lower initial investment, provide greater 
reliability ? and have lower operating costs and maintenance than cable 
facilities „ 

4, SITUATIONS NEE RE MICROWAVE MAY BE DESIRABLE 

4.1 There are at least four conditions where microwave will often 
be more desirable than other types of facilities. These 

situations are discussed in the following paragraphs, 

4.2 In some cases the length of a circuit route and the long range 
estimate of channel requirements will result in the use of 

microwave being more feasible than cable facilities. The expansion 
capabilities of microwave are such that many channels can be added 
without any changes or additional cost for the RF equipment. The cost 
per channel for additional channels on a microwave system will some- 
times be less than for circuits derived on cable facilities, and as 
more channels are required, the per channel cost will become less, 

4.3 Another situation where microwave offers definite advantages 
Is in areas of difficult terrain. When communications must be 

provided in mountainous areas, microwave can usually be provided at 
less cost than cable facilities. In mountainous areas, the cable route 
will normally be long since it usually does not take a straight-line 
path like microwave, but follows a winding road. The necessity of 
crossing obstacles such as lakes and swamps Is made more practical and 
more economical with the use of microwave, as well as other cases where 
topographical characteristics make the construction of cable facilities 
expensive or impossible, 

4,31 In areas where PCM cable carrier is advantageous with the ex- 
ception of an obstacle such as a lake or section of ground 
that is too hard for burled cable, digital microwave radio can be used 
as an "aerial Insert" to bypass the obstacle. This application of 
digital radio allows the PCM signals on the cable to be continued over 
microwave radio without the need for any analog-to-digital or digital - 
to-analog conversions. 

4.4 In many instances It Is necessary for one telephone company to 
connect with another company’s toll circuits. When the connecting 

company derives its toll circuits using microwave, the other company may 
be required to provide microwave radio and multiplex equipment such that 
the two systems can meet "mid-air" on a microwave frequency basis; the 
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use of identical or closely similar radio equipment at both ends of 
such a link is recommended- for ease of maintenance and administration 

between the connecting companies* 

4,5 Microwave can also be used to provide video circuits* Most 

microwave equipment has sufficient bandwidth for transmission 
of the video portion of one television channel over each microwave RF 
channel* The audio for the television channel can be transmitted over 
the same BF channel using a subcarrier or it may be carried over a 
separate facility. Most microwave systems of current design will 
permit the application of several modulated subcarriers over the video 
channel without significant degradation* This frequently permits the 
transmission of EM stereo program material, voice and/or telemetry 
circuits in addition to the video sound carrier over the same RF channel 
as the video information. 


5* CQMPQI3FTS OF A MICROWAVE SYSTEM 


5*1 Transmitters and Receivers . The basic building blocks of a 

microwave system are the radio frequency (RF) transmitters and 
receivers. These units make it possible to send and receive information 
at microwave frequencies. Most microwave transmitters are capable of 
an output power of one watt or more. A transmitter used in a terminal 
location has_pr ovis ions for modulating the BF carrier with baseband 
signals from the carrier multiplex equipment. Receivers are capable 
of providing a useable baseband output with received microwave signal 
levels of -SO dbm or less. A terminal receiver includes a demodulator 
to provide the baseband output to the carrier multiplex. 


5.2 Carrier Multiplex* The microwave RF equipment has a wide 

bandwidth which is capable of carrying many channels of in- 
formation. These channels are derived using multiplex equipment 
which can combine several hundred channels for transmission over one 
RF channel. There are two types of multiplexing schemes: Frequency 
Division multiplexing and Time Division multiplexing. See paragraph 
7*2 for a description of each type. 


5*3 Remodulating and Heterodyne RF Repeaters . Active repeaters are 
used when the distance between terminal stations is too great 
to allow a received signal of acceptable level and also when it is 
necessary to insert and drop channels at points between terminal stations. 
An active repeater pan be used at one or more intermediate points to 
amplify the signal to an acceptable level or to allow adding or dropping 
of channels. There are three types of active RF repeaters that can be 
used to derive a microwave system: remodulating, regenerating and 
heterodyne repeaters . ? 


5.31 The remo|.ulating repeater demodulates the RF signal to baseband 
frequencies at each analog radio repeater location. The base- 
band information is then used to directly modulate the transmitter This 
process is continued at each, repeater and each time that demodulation 
and modulation takes place noise and distortion are added to the system 
In the case of digital radio transmission, a digital repeater can best 
be described as a regenerating repeater , in that the received pulses that 
are demodulated from the inching RF frequency trigger the geneStion of 
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ne*w pulses to be modulated onto the succeeding transmitter , so that 
any pulse that has been degraded by noise is completely renewed. Thus , 
even though this process is continued at each repeater , noise and 
distortion is not added to the system, as in analog radio transmission. 

The noise and distortion contributed by an analog repeater can become 
serious in long-haul, high density routes where many repeaters 

are required, and a digital radio system could be more advantageous 
for this type of radio route,, Since most radio systems owned by 
REA borrowers do not exceed four or five hops, remodulating repeaters 
can be used without serious degradation of the circuits, 'The receivers 
and transmitters used in a remodulating (or regenerating) repeater are 
the same type as those used at a terminal station, and the repeater can 
be actually thought of as two terminal stations connected back-to-back 
at the baseband level. See Figure 1 for a block diagram of a remodulating 
repeater. 


5,32 The heterodyne repeater , used mainly for analog radio applications , 
converts the received radio frequency signal to an intermediate 
xrequency (IF) signal for amplification. As an input to an up-converter 
the IF signal is converted to the transmit radio freauency. The output of 
the up-converter is normally amplified by a traveling wave tube (TWT) with 
an output of about 5 watts , and then fed to the transmitting antenna. 

There Is no baseband demodulation in the path of the "through” signal, 
as in the case of a remodulating repeater. The elimination of the de- 
modulation and modulation processes greatly reduces the noise and distortion 
in a long-haul system. The cost of a heterodyne repeater is higher than 
a remodulating repeater and would not be justified economically except 
in long-haul,, high density applications. A disadvantage of the heterodyne 
repeater is the difficulty of inserting channels at the repeater. However, 
some suppliers can provide heterodyne equipment with channel insert and 
drop capabilities. See Figure 2 for a block diagram of a heterodyne 
repeater. 


5,4 Passive Repeaters , A passive repeater is sometimes required when 

there Is an obstacle such as a high mountain in the line-of- sight 
microwave path, where the cost, maintenance and power requirements for an 
active repeater would he prohibitive. The passive repeater is located 
in such a position as to act as a microwave mirror, reflecting the micro- 
wave signal as a mirror reflects a light beam, to bypass the obstruction. 
A passive repeater may be a large reflecting surface similar to a bill- 
board, or it may be two parabolic antennas connected back-to-back through 
waveguide. Both types are used to change the direction of a microwave 
signal. The passive repeater does not use tubes, transistors, or other 
active devices and therefore requires no power source unless heating is 
necessary to prevent ice from accumulating on the antenna surfaces. 


5.4l Another type of repeater that is in use is an RF repeater which 
receives and amplifies a microwave signal and redirects it 
along another route. It is essentially two parabolic antennas connected 
back-to-back through an RF amplifier, making this repeater arrangement 
much more efficient than two parabolic antennas connected directly. Bo 
frequency changing is required like it is in an active repeater, and 
power requirements of the RF repeater are such that solar energy can be 
used to power the repeater efficiently and economically. In many instances, 
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ocsw of this tyme of repeater is substantially less than the bill 

c. •**/*? " <r n - - -e T»png5t g7* 



A parabolic or horn antenna is used in microwave 
; concentrate radiated energy into a narrow beam 
through the air* This results in the most efficient 
.orated power with a minimum of interference* An 
to k8 63 over an ommi- directional antenna is 
; upon the size of the antenna and the microwave fre- 


i„£ ha denes * A radone is a protective covering used to prevent 

snow, ice, water, or debris from accumulating on a microwave 
antenna. Heated radenes are available for use in areas where severe 

ice and snow conditions exist. 



.ransni s s i on line s * Transmission lines provide the means of 
coupling the transmitter and receiver to the antenna* There 
uwo types currently available: waveguide and coaxial cable* The 
area cuupuu power of the transmitter will be substantially reduced 
he transmission line is incorrectly used or if its length is too 
, sc precautions should be taken to use the correct type of line for 
radio equipment used, and to keep all transmission line lengths short. 


"aye guide . A waveguide is a hollow metal duct which conducts 
eleetomagneiic energy. This type of transmission line can he 
used for distances of a few feet up to several hundred feet. A typical 
type of waveguide has a loss from about 1.7 dB per hundred feet at 6 
Gigahertz (3Hz) to about 3.0 dB per hundred feet at 11 GHz. It is used 
at microwave frequencies above 2 GHz and can have either a rect angular , 
elliptical, or circular cross-section, depending upon the system operation 
requirements. The length of a waveguide run is more critical at higher 
frequencies since attenuation increases with frequency. 


Coaxial Cable. 


At low microwave frequencies, 2 GHz or less 

On Via ^ J-1 » . _ . _ „ . ^ 


: — _ — — __ — - — ~ ^ u-iiZi ux' less, 

j.. . coaxial caole can be used as the connecting facility between 

une transmitter, receiver and antenna instead of waveguide The loss 

d : penas °“ 1316 tspe of tbHSi* SLiSL, 

,-ype dielectric, and ohe operating frequency. Coaxial cable with 

considerably less sensitive to echo distortion in the V * A 1 A are 

possible mjmrr if + ls W than ^^guide and should be used when 
po, j.tie. -drteeme attenuation of radio sienal s ahmm o rv „ • 4, 
cable generally nrohihi+s =4- «_ S1 ® 13 f ls al:> ove 2 GHz m the coaxial 

0 i -an, prohiDits its use at the nigher microwave frequency bands. 
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5.8 Reflectors . A passive reflector can sometimes be used in 
systems operating at 6 GHz and above, when a tall tower is 
necessary, in place of using long runs of waveguide connected to a 
parabolic antenna at the top of the tower. A reflector may be mounted 
at a 45 degree angle at the top of the tower, while the antenna is 
mounted horizontally at the base of the tower, aimed at the reflector. 

The microwave signal is radiated from the antenna, reflected off the 
reflector, and sent in a direction of propagation to the other end of 
the radio path, just as though the antenna was radiating directly from 
the top of the tower. However, this type of "periscope" antenna system 
will not be authorized by the FCC under ordinary circumstances because 
of its interference potential in a congested frequency band. An extra- 
ordinary circumstance would be an application where the periscope an- 
tenna could be used in an area where no frequency congestion is likely 
to occur, and substantial cost savings could be realized over using 
waveguide or coaxial cable. In general, the periscope antenna should 
be considered only as a last resort. 

5*9 Towers . The towers used in microwave systems must be rigid 
to prevent antenna deflection during wind or ice loading 
conditions. Guyed or self-supporting towers are available for use on 
microwave systems. A guyed tower is about one-third the cost (per foot, 
installed) of a self-supporting tower, but in some cases the difficulty 
of acquiring enough land for guying prohibits the use of guyed towers. 

The height of the tower is determined by the terrain, the microwave 
frequency band used, the propagation characteristics, the distance between 
the transmitting and receiving ends of a path, and the required reliability. 
The tower must be high enough to provide a line-of-sight-path above any 
obstructions . If reflection interference is a problem, the antenna mounting 
heights are critical and the optimum height may' be less than the maximum 
height available on the tower. 

5.10 Buildings . Microwave equipment should be located in the 
central office equipment building when possible. There are 

some situations, however, when RF equipment must be located remotely from 
a central office building, as in the case of an active RF repeater. In 
these situations some type of building must usually be provided for equip- 
ment protection. Usually a simple prefabricated building is sufficient. 
Where temperature and humidity variations exceed the operating limits of 
the microwave equipment, a heater or air conditioner is required to keep 
the equipment within its operating temperature range. 

5.11 Primary and Standby Power Equipment . Rrimary power sources 

for RF equipment may be d.c. or a.c. as specified by the purchaser. 
Central office batteries or 117 volts a.c. commercial power maybe used. 

In some cases, thermoelectric generators or fuel cells can be used when 
the power requirements of the microwave equipment are low. Standby power 
equipment should be provided at microwave terminals or active repeater 
locations to maintain system operation in the event of a commercial 
power failure. Communication circuits are very important during times 
of emergency such as storms, floods and other disasters which may cause 
commercial power outages. Therefore, it is imperative that some type of 
standby power source be available for circuits derived by microwave. 
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batteries or an engine -generator. HouSver tt rmote a 

p™«"^ tTStSrgr^T^ f ° r ’ the “ l0I ' OTaTC - ^“U-by 

a thermoelectric ” *“ ““ ““ 

5-12 iifsSrffis “Srah?e"r?r SySte ? haS rem ° tS ““^ded 

report faults from the remote Ws-H + Te ^ f laxm astern which will 
microwave signal These alarms -I--n° n atj tended office via the 

wave systems and reduce the^?rcSf T ^ th ® malntena ^e of micro- 

large number of unattended qfp-M °- U a ^ 6 "^ imee "Where alarms from a 
control center, consideration istrftmi 6 :' epor f e ~ a central maintenance 
reporting systA S prfnS out 2fcf ^ *? a '“"^er-based 
with time aid date iSoSSon ^ “ Status at Nation 

6. MICROWAVE EQUIPMENT ARRASGEMEWTS 

6,1 fV 0 *™ ten**! is located 

one transmitter and one receiver An t arran S e ^nt consists of 

repeater can be thought of asAtt + - A® remod ul a ting microwave 

repeater arrangement consist, ^°, ter f nals ^ek-to-back and a basic 
See Pigure k Consists of two transmitters and two receivers. 

6 ' n S’^SS.’SSS.ISSSS 6 / S " h6n “ iS “* necessary 

outages or path outages. This arrangement Ctl ° 1 ' against e T 11 Pttent 

telephone companies since standby or diver sitv ?, ^ ormad A used thd 
provide increased system reliability. ^ qUlpment 1S desirable to 

6 ' 2 ^ “ arrangement where 

but only one is connected to the atteSS^If ^ frec l uenc y 

fails, the second or standby unit is S’ S operat:m g transmitter 
antenna and the defective SaSSf a ? to “f tlcall y connected to the 
of transmitters occurs in a ?Z?f r 13 ^ SCOnnected * 1,16 switching 
has determined that a unit if defeft^SLSS equipment 

both are permanently connected to the antemf Thelfo ^ ^ 921(1 
are combined into one resul tanf- Q .?~ 0 i 0 * rece aver outputs 

a hot-standby arrangement Hot ASh' See . Plgure 5 for an example of 
reliability , ^ bu^does^ot * increase^ronaera-H ^ S 6 ^ nt 

of the hot standby arrangement involved ™ relia -bxlity . A variation 

continuously feeding the Antenna in a nh Sf staildb y transmitters 

conditions then cauL the^fSLStLfS SUrati ° n5 fault 

arrangement has an RP power increase of q ^ faulty transmitter. This 
over the single transmitted “Sut! 3 “ ^ n ° rml condibd °ns 

6.3 |£ace Diversity. Por improvements in propagation reliabii 1+ , 
a space diversity antenna arrangement can b? £2? 1 llltyj 

diversity system, one tran,m-T++e^ -Z m Can ° e used * In a space 

- ^T^STg^rrbc 
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combined to give a composite output, or switching can be done between 
receivers, keeping the receiver with the best signal to noise ratio 
(or Bit -Error -Rate in the case of a digital radio system) connected to 
the line* Vertical spacing between the two receiving antennas should 
be approximately 60 to 80 feet at 2 GHz, 30 to 4G feet at 6 GHz and 
25 to 30 feet at 11 GHz* Space diversity provides a substantial in- 
crease in reliability, especially over highly reflective surfaces such 
as water or desert* The necessity of two receiving antennas, two 
receiving waveguide runs, strong towers because of the two antennas and 
a taller tower required to give the necessary antenna spacing tends 
to make space diversity an expensive means of increased path reliability* 
See Figure 6 for a diagram of a space diversity arrangement* 

6.4 Frequency Diversity * A frequency diversity arrangement can 

be used at microwave frequencies above 2 GHz when equipment and 
propagation reliability is desired and required communications cannot 
practically be achieved by other means* (Refer to the FCC Rules 
and Regulations, Part 21, Section 21.100(c).) This method increases the 
total system reliability by providing both path and equipment duplication* 
Two transmitters are on the air simultaneously and both are modulated 
with the same signal but are tuned to different radio frequencies* The 
different frequencies can be either within the same operating frequency 
band, or in two different operating frequency bands* Both transmitters 
are connected to the same antenna which radiates the signals to the far-end 
of the path* At the far-end of the path there are two receivers and each 
receiver accepts the one oncoming signal to which it is tuned. Each 
receiver then provides as an output the signal which modulated the trans- 
mitters . The two outputs are then combined using a combiner device to 
provide one output signal to the multiplex* See Figure 7* 

6.41 Combiners are used in analog radio applications to continuously 
monitor and combine the outputs of the two receivers so that 

the signal-to~noise ratio of the resultant output is as good or better 
than that of the best receiver. This is accomplished through either 
active or passive circuit ry in the baseband path which limits or removes 
the contribution to the output signal from the noisier receiver so that 
the quieter signal predominates. If the receivers f output signal to- 
noise ratios are equal, the signal-to-noise ratio of the combiner output 
is improved by 3 dB. 

6.42 A frequency diversity system provides increased equipment 
reliability as a result of two transmitter-receiver combinations 

and increased propagation reliability as a result of using two different 
microwave transmitting frequencies on the air simultaneously. Studies 
and measurements have been made which indicate that increased propagation 
reliability is realized when two transmitters with a frequency 
separation of at least 2 % to % are used. The amount of frequency 
separation is mainly determined by the availability of frequencies but 
the minimum separation for effective propagation protection is generally 
regarded as 2%, 
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7. equipment 

7*1 Radio 


2 k 


FRESMTLY AVAILABLE FOR COMMON CARRIERS 

yand n il r sr - RF ? quipment is available for the 
’ ‘ all solU-stTYf^Y/ ****** 


This equipment fre ^ enc 7 bands . 

ate traveling wave tube final ^ P f ° r Some models that incorpor- 

output), has low powS onn^ ™ pllfiers higher transmitter powe? 

These features are paLi cSlSt 1 ^ 5 and re< l uires little maintenance. 
Digital and analog ^ USinS ^ in —A areas, 

except for modulation schemes. 7 equivalent types of equipment 

7 ' n i iyS r S' a to l-i2^f 2 G S. EF earner* Is capable of 
multiplex channels on a single nf i n ^ chann f ls j or 14-4 digital 

maximum number of digital channels Jill increase iJ the^t^^ 1 * 6 
of improvements in technology Pnonn CTn +- rea in the future because 
has higher reliability agaiSt mStlnfS radio . wa v es at 2 GHz 

subject to ground reflections fh^m h a ^ ln S an & is often less 
fore, preferable in difttSt bands 5 is, there- 

most appropriate for the use of pVIv °n situations . The situations 
tively few toll or EAS trunks °ar e reauiST^ ^ ^ a rela " 
a few special circuits must be provided*^ **7* ^ exchan S e > where 
groups of isolated subscribers are tn h/Y a .^ tomer > and where small 
point to remember when considering the us^o^^H^pJ 1116 * • ^ 32aportant 
whether it is capable of providing in-i+^ff W GH EF e l ul P me nt is 
If a five year forecast shows a greater S futare channel requirements, 
capacity of 2 GHz equipment thetse n-F f 6ment of cir cuits than the 
be considered. If the minimum higher frequency band should 

the higher frequencies cannot be me/^sJeSf^^f re< l uirements of 

Herons, Part 21, a secon* RF chanlfat f SSLSi 

7 ' 12 * «“ ^ System 

very much by independent telephoS comlS^ 3 haS *?* ^ USed 
is available to independent telephone enm-nc ■ H ° wever > 4 GHz equipment 
manufacturers. Most of it is thfheter Snf ^ f T microwave equipment 
having a capacity of 1200 or more channel^ re P eat er type of equipment 

GH 7 - 13 feSSsib^eSr src s be s? - r- *2 

not aSec^TLX P ;Sn Stf 

6 GHz equipment is as high as iSoO^hJmels 111 ! 6 Chaime ^ ca P a city of current 
To obtain FCC approval to use this freauencv W® S 3 °° 1402 band width. 
channel requirement of 900 channels must be shSn’ f jV year 

equipment is 3O? 0 to 8o/ 0 higher than ? ruv f J • * ^ cost of 6 GHz 

Cinontts ton abort, 5?S Sj fL™ ed . 
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7*l4 11 GHz Microwave . In geographic areas of moderate to heavy 

rainfall, the 11 GHz micro-wave frequency band should be used only 
on radio paths not more than 15 miles in length* At 11 GHz, 
rainfall effectively attenuates the radio signal because absorptions 
and reflections of the radio -waves by raindrops occur, due to the 
proportional geometries of raindrops and the 11 GHz wavelength* In 
areas of slight rainfall longer radio paths can be used. In any instance, 
propagation studies should be made to determine the effects of rainfall 
on an 11 GHz signal for each path studied. 

7«1^1 The channel capacity of current 11 GHz equipment is as high 
as 2400 channels in a 40 MHz bandwidth. For smaller channel 
requirements, lower cost equipment Is also available having half the 
channel capacity in a 20 MHz bandwidth. If the FCC requirement for a 
five year channel capacity of 900 channels at 6 GHz cannot be met and 
a 2 GHz frequency cannot be obtained or Its capacity too small, a light 
route 11 GHz radio with a 20 MHz bandwidth could possibly be feasible. 

The FCC requires that a 20 MHz RF channel at 11 GHz be loaded with 240 
voice channels within 5 years after installation. The cost of 11 GHz 
equipment is slightly higher than 6 GHz equipment. 

7.2 Carrier Multiplexing Equipment 

7.21 General Considerations of Carrier Multiplex. Carrier multiplex 
Is used to derive voice or equivalent channels on the microwave 

baseband. The channels may either be time-division multiplexed onto 
the carrier when digital carrier is used, or frequency division mul- 
tiplexed, when analog carrier is used. (See the following discussion 
on multiplexing techniques.) The equipment can be used to derive a few 
channels or hundreds of channels. Some types of equipment are used to 
derive toll, EAS, data or various special circuits while other types can 
be used for subscriber service. Carrier multiplex equipment may be located 
within a few feet of the RF equipment or it may be several miles away and 
connected by coaxial cable, paired cable or video pairs. Carrier multi- 
plex equipment which meets REA specification PE-60 is suitable for toll, 
EAS, or data circuits. 

7.22 Frequency Division Multiplexed (FDM) Carrier . FDM carrier that 
Is used on wire line carrier circuits can also be frequency 

modulated onto microwave radio at the group, supergroup or mastergroup 
levels. Refer to Section 934 for information on multiplexing hierarchy. 
This is known as analog radio transmission. The number of FDM channels 
that can be transmitted over radio depends upon the RF bandwidth that is 
available (generally determined by the radio frequency used), and the 
type of multiplex used, either low-density or high-density. For low 
density application a double-sideband type of modulation may be used, 
while single sideband, suppressed carrier (SSBSC) modulation is used for 
high density multiplex. 
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signalling and message information. There are no operating frequency 
considerations for digital carrier , but a compatible end-to-end trans- 
mitted bit rate must be realized in order to synchronize clock circuits 
that decode and encode information in a timed manner. For T carrier , 
an increase of channel capacity increases the transmitted bit rate, -which 
in turn increases the RF spectrum that is occupied by the carrier signal. 

The digital channel is given a slot in time, -while the analog channel is 
given a slot in the carrier frequency spectrum, 

8 , MICROWAVE SYSTEM CONSIDERATIONS 

8.1 The design of a microwave system involves engineering for adequate 
technical operating specifications at minimum cost. It is possible 

to over-engineer a system at a great expense, when the same operating 
results could have been obtained without a lot of extras added and at less 
cost. Several design approaches should be examined before making a final 
decision. This can be done by examining different tower heights, different 
antenna sizes , different repeater locations, or even comparing the use 
of digital or analog modulation. 

8.2 Microwave system designs and costs are usually based on either 
ideal or average radio frequency propagation conditions. Ideal 

and average propagation conditions refer to the atmospheric conditions 
which are prevalent in an area. Ideal propagation is generally prevalent 
in hilly and mountainous areas where the air is in constant turbulence, 
ground reflections of the radio waves are at a minimum, and the radio ware 
is not diffracted from its line -of- sight path. This type path is economical 
to design for acceptable reliability. Average propagation conditions occur 
over plains and rolling hills where multipath reflections and radio beam 
diffraction occur more often. System design considerations must include 
the probability of these occurrences, increasing overall system cost. In 
some cases, paths with ideal propagation conditions will require a passive 
repeater to bypass obstacles such as mountains In the path. The cost oj. 
these paths may be higher than for a system over a path with average pro- 
pagation which has no obstructions. Paths that go over bodies of water 
or flat land, or are in areas of high humidity are In the worst case pro- 
pagation conditions and usually require special considerations, such as 
the use of space diversity, for protection against fading outages. TE&CM 
931 covers microwave path engineering In more detail. 

9 , CHOOSING BETWEEN AN ANALOG OR DIGITAL RADIO SYSTEM. 

9.1 In certain instances, the use of radio may prove to be technically 
and economically feasible over wireline facilities. The first step 

in system planning is to examine various plans on a system basis, as well 
as on a present worth of annual cost (PWAC) basis. These plans could 
Incorporate combinations of cable and digital radio, all radio, cable and 
analog radio, all cable, etc. After various plans have been studied, the 
plan that offers the best technical and economic feasibility should be 
used. After the use of radio has been proven feasible, a further step 
can be taken to decide between the use of digital or analog radio facilities. 

9.2 A digital radio system has three distinct advantages over an 
analog radio system: less degradation of quality due to fades 

above threshold., easy interface with PCM carrier and less costly to add 
channels. In some instances a digital system can also be more cost 
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paths and an active repeater. So channel ends are dropped at the 
repeater site. Also assume 8* X 10’ X 12’ buildings and 100' guyed 
towers at all locations, 200 amp-hour battery supplies at the terminal 
ends, and a 400 amp-hour supply at the active repeater. Since an 
active repeater is essentially two B.i? terminals back-to-back, a total 
of four radio terminals are required. The cost can then be computed for 
an analog system: 


Four 2 GHz EF terminals $ 48,000 
160 channel ends @700 per channel end 112,000 
Three 8' X 10’ X 12' buildings 24,000 
Three 100' guyed towers @$100/ft. 30,000 
800 amp-hour total battery supply of $20/AH 16,000 
Four antennas and accessories 12,000 


SUB-TOTAL for equipment $242,000 

20$ of above total for labor and contingencies 48,400 


GRAND TOTAL $290,400 
For the digital case: 

Four 2 GHz RF terminals $100,000 
l60 channel ends @$200 per channel end 32,000 
Three 8’ X 10’ X 12’ buildings 24,000 
Three 100’ guyed towers at $100/ft. 30,000 
800 amp hour (total) battery supply @$20/A.H. 16,000 
Four antennas and accessories 12 , 000 


SUB-TOTAL for equipment 214,000 

20$ of above total for labor and contingencies 42,800 


GRAND TOTAL $256,800 


11.2 From the example above, the digital system would be cheaper 
than the analog system, but this may not hold true in all 
cases. At 2 GHz the channel capacity could be an economic factor. 

There are 252 analog channels available on one radio at 2 GHz, while 
each digital radio can currently carry only 144 channels, requiring 
two digital radios to carry the same number of channels as one analog 
radio. When making economic decisions on a microwave system design, 
the number of channels available for an anlog or digital system can 
be a big factor. Figures $A and 9 B give examples of economic comparisons 
of analog and digital radio systems at 2 GHz, relative to the voice 
channels needed and number of radio paths. These examples assume a 
digital radio with a capacity of $6 channels on one polarization. The 
number of radio paths and active repeaters that are needed are generally 
a large factor in the total system cost. It should be noted that tnese 
examples include the cost of analog or PCM multiplex. If the 
signals to be transmitted over radio have already been digitally encoded, 
then the cost of the PCM multiplex is avoided and the economics would 
be even more in favor of the digital radio transmission system. 
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FIGURE 8 

MICROWAVE SYSTEM NOISE 
ANALOG VS. DIGITAL 
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TABLE I 


Typical Microwave Radio System Costs 


RE Terminals 

Frequency 


2C-Hz 

Analog: 6 GHz 

11GHz 

2 GHz 

Digital: 6GHz 

11GHz 


Cost (including hot 

standby protection) 

$12 ? 000 
$16,000 
$ 20,000 

$25,000 

$1+5,000 

$50,000 


Multiplex 

Analog 

Digital 


$700/charmel end 
8200/channel end 


Towers 

GUYED 

SELF-SUPPORTING 

Parabolic Antennas 

Antenna Diameter (feet) 
Price 


1st 50 feet 
$100/foot 
$100/foot 


Above 50 feet 
$10C>/foot 
$300/foot 


k 

6 

8 

10 

12 

. 15 

$800 

$1000 

$1500 

$2100 

$Uoo 

^$10,000 


Battery Supply - $20 per amp-hour 

Building - 8 1 x 10’ x 12' - $8000 

Add ZQPjo Labor, Miscellaneous 

10 % Electronic Spare Parts (10 Pjo of cost of Electronics) 
lOfo Test Equipment (10$ of cost of Electronics) 





